Solid state chemistry of proteins IV. What is the meaning of thermal denaturation in freeze dried proteins?
This research addresses the thermodynamic significance of the denaturation endotherm observed during differential scanning calorimetry (DSC) scans of proteins in dry formulations, such as freeze dried solids. Human growth hormone formulations are the chosen representative examples. We employ observations of denaturation temperature, glass transition temperature, and the differences between estimated molecular mobilities to argue that unfolding is under partial thermodynamic control. Further, unfolding during a DSC scan is simulated using a three state kinetic model, which is a two state unfolding model followed by aggregation. Kramers-type rate constants are used, where the preexponential term is dominated by viscous forces. Simulation results are in qualitative agreement with experiment, and clearly show that while the denaturation endotherm is impacted by irreversibility, caused by nonzero scan rate and aggregation, the position of the endotherm peak is changed only slightly. Thus, the denaturation peak is a good approximation for the thermodynamic denaturation temperature. Using data for denaturation temperature, heat of denaturation, and heat capacity of denaturation, free energy versus temperature curves were calculated. We find that even formulations with added saccharides are thermodynamically unstable near ambient temperature; significant denaturation in the solid state is prevented by low mobility.